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FLOATING BTLINE TIMER ALLOWING A 
SHARED EQUALIZER DRAM SENSE 

AMPLIFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to Sense amplifiers and more 
particularly to a new Sense amplifier having a shared equal 
izer circuit and a timer circuit to prevent the inactive bitlines 
from floating for long time periods. 

2. Description of the Related Art 
Integrated circuit memory devices are commonly divided 

into arrays of memory cells. Usually only one of the arrayS 
is activated during a given access cycle to reduce power 
consumption and increase the efficiency of the integrated 
circuit. Because of this operation, a Sense amplifier or an 
array of Sense amplifiers are positioned between the memory 
cell arrays. This allows the sense amplifier to be shared by 
adjacent arrays, thereby decreasing chip area consumed by 
the memory device, decrease the production costs and 
increasing processing Speed. 
A conventional shared dynamic random acceSS memory 

(DRAM) sense amplifier (SA) is shown in FIG.1. The sense 
amplifier includes equalizer circuits 103, 109 which are 
supplied with bitline equalization voltages 102, 111. The 
equalizer circuits 103,109 are outside the multiplexors 104, 
108. Additionally data lines 107 are selected by a column 
select signal 110. A cross-coupled pair of NFETs 105 and a 
cross-coupled pair of PFETs 106 are also part of the same 
Sense amplifier and perform the Signal Sensing and data 
latching functions of the sense amplifier. The bitlines 100, 
101 which are connected to the adjacent arrays are also 
illustrated. Having two multiplexor (MUX) devices 104,108 
allows the Sense amplifier to Service two arrays, thus 
increasing layout efficiency. 

During a precharging operation, the Sets of bitlines 100, 
101 are adjusted to an equalizing potential which is gener 
ally midway between the active bitline high potential and the 
active bitline low potential. During the active phase of the 
row cycle, one each pair of active bitlines is raised to the 
active bitline high level and the other is lowered to the active 
bitline low level. During the precharge phase of the row 
cycle, these bitlines are connected together and equalized to 
a voltage midway between the active bitline high and low 
levels. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a structure and method for a dynamic random acceSS 
memory chip including memory element arrays having 
bitlines, a Sense amplifier shared by the arrays (the Sense 
amplifier includes multiplexors connected to the bitlines and 
an equalizer circuit) and a timer circuit connecting first 
bitlines to the Sense amplifier a time period after Second 
bitlines are Sensed by the Sense amplifier, wherein the time 
period is less than the active phase of the row cycle. 

The Second bitlines are connected to active arrayS. The 
time period is approximately 1 us. The timer circuit can 
include a plurality of timer circuits, where one of the timer 
circuits is connected to each of the arrays, is connected to 
each bank of the arrays, or is connected to each of the Sense 
amplifiers. The Sense amplifier includes only one equalizer 
circuit which equalizes both the first bitlines and the second 
bitlines. 

The invention also comprises a method of equalizing 
bitlines in memory element arrays having a Sense amplifier 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
shared by the arrayS. The Sense amplifier includes multi 
plexors connected to the bitlines, and an equalizer circuit 
connected to the multiplexors. The method includes begin 
ning a Sensing of first bitlines, allowing a time period to 
elapse and connecting Second bitlines to the Sense amplifier. 
The time period is less than the active phase of the row 
cycle. The first bitlines are connected to an active array. The 
time period is approximately 1 us. The Sense amplifier 
includes only one equalizer circuit. The timer circuit allows 
the elapsing of the time period. 
The invention allows the use of a Sense amplifier Serving 

multiple arrays that can properly operate with a single 
equalizer circuit without causing an excessive current 
demand on the bitline equalization Voltage Source. Thus, the 
invention reduces the cost, complexity and the Space 
required for a Sense amplifier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed 
description of preferred embodiments of the invention with 
reference to the drawings, in which: 

FIG. 1 is a Schematic diagram of a conventional Sense 
amplifier; 

FIG. 2 is a Schematic diagram of a Sense amplifier 
according to the invention; 

FIG. 3 is a timing diagram illustrating the operation of the 
inventive sense amplifier shown in FIG. 2; and 

FIG. 4 is a Schematic diagram illustrating the Sense 
amplifier shown in FIG. 2 as it is positioned between arrays 
of memory cells. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

As mentioned above, having two multiplexor (MUX) 
devices 104,108 allows the sense amplifier to service two 
arrays, thus increasing layout efficiency. However, in the 
structure shown in FIG. 1, the equalizer circuits 103,109 are 
outside of each multiplexor 104,108 and are therefore not 
shared. It is more efficient to share the equalizer circuit 200 
by placing it inside the multiplexor devices 104,108 as 
shown in FIG. 2, eliminating the need for one of the two 
equalizer circuits 103,109, thus further increasing the layout 
efficiency. 

Utilizing a Single equalizer circuit is currently not very 
popular because when one of the two arrayS is active, the 
bitlines of the inactive array are left floating. Thus, when an 
equalizer circuit is shared, one of the pairs of bitlines is 
equalized first, using a row address Strobe (RAS), as 
described in the Background section. The other pair of 
bitlines is left floating until the end of the active phase of the 
row cycle. This causes the floating bitlines to drift or float 
from the equalized Voltage because of parasitic leakage. 

Since the active array may remain active for up to the 
maximum row address Strobe, which is typically as long as 
100us, the floating bitlines of the inactive array may leak 
Voltage and be far from the desired bitline equalization 
voltage (vbleq) to which they had been previously set. 
When the active array is eventually precharged, the Sense 

amplifier will attempt to equalize the bitlines 100,101 of 
both arrays to the desired bitline equalization Voltage. 
However, Since the inactive array bitlines may have leaked 
Voltage, the generator for the bitline equalization Voltage 
102 or 110 will see a demand which may (and often does) 
exceed its capacity. In turn, this will cause a disturbance of 
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the bitline equalization Voltage, creating the possibility of a 
failure in a Subsequent Sensing operation. 

This floating bitline problem is avoided with the inven 
tion. More specifically, as shown in FIG. 2, the invention 
includes a timer circuit 201 which causes the multiplexor 
devices on the inactive Side of the shared equalizer circuit 
200 to be turned on after the active bitlines have been 
sensed. As would be known by one ordinarily skilled in the 
art, the timer circuit 201 could have any conventional 
Structure, So long as the Structure has the ability to output a 
Signal or Voltage a given time period after another signal is 
received by the timer circuit. 

FIG. 3 is a timing diagram illustrating the Voltage levels 
of the various signals in the sense amplifier 210 and the 
operation of the timer circuit 201. At the start of the active 
phase of the row cycle the equalizer circuit turns off, the 
inactive multiplexor turns off and the wordline 304 changes 
from a low signal to a high Signal. Shortly thereafter, the 
active bitlines 300 are sensed by the sense amplifier and 
forced to bitline high and bitline low signal levels (vblh302, 
vbll 303). The inactive bitlines 301, which were previously 
floating, are connected to the Sense amplifier (by turning on 
the inactive multiplexor) which forces the inactive bitlines 
301 to the bitline high vblh302 and low levels vbl303, after 
the delay period imposed by the timer circuit 201. All 
bitlines remain at the high and low levels until the bitlines 
are precharged (e.g., at the end of the active phase of the row 
cycle), at which time the bitlines of both arrays will equalize 
to the desired bitline equalization Voltage, which is the 
midpoint between vblh 302 and vbll 303. 
The timer 201 delay is chosen to be sufficiently short so 

that the inactive bitlines do not float too long (So as to 
prevent the bitline equalization Voltage disturbance dis 
cussed above), yet Sufficiently long So that the bitline 
equalization current used to charge the inactive bitlines does 
not add significantly to the chip power consumption. 
Therefore, the connection of the inactive bitlines to the sense 
amplifier is preferably started at Some point during the active 
phase of the row cycle. For example, in most situations a 
delay between 100 ns and 100 us, and preferably 1 us, would 
likely meet both of these criteria 

In other words, the shared equalizer circuit 200 of the 
Sense amplifier 210 is operated to precharge the active 
bitlines and a timer is started at the Start of the active phase 
of the row cycle. The inactive multiplexor devices 104 or 
108, which are turned off at the start of the active phase of 
the row cycle, are turned on to precharge the inactive bitlines 
at the end of the timer delay or at the end of the active phase 
of the row cycle, (whichever occurs first). The shared 
equalizer circuit 200 is turned off at the start of the active 
phase of the row cycle and turned on again at the end of the 
active phase of the row cycle. 
While one timer circuit 201 which individually controls 

each multiplexor 104,108 in the sense amplifier is shown in 
FIG. 2, as would be known by one ordinarily skilled in the 
art given this disclosure, the invention may be implemented 
in many possible embodiments. For example, the invention 
may include one timer circuit per array block, one timer 
circuit per sense amplifier 210 (as shown in FIG. 2), one 
timer circuit 201, 203 per bank 120, 122 (as shown in FIG. 
4), one timer circuit per chip, etc. The best combination 
regarding the number and connection of timing circuits can 
be implemented by the designer after evaluating the 
tradeoffs between power consumption, circuit complexity, 
layout considerations, etc. to determine the best choice for a 
particular application. 
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4 
Furthermore, the invention may be implemented So as to 

limit the number of sense amplifiers 210 which may have 
their inactive multiplexor devices 104 or 108 turned on 
simultaneously. This would reduce the impact on the bitline 
high Voltage generator and the bitline low voltage generator 
and would reduce the magnitude of the bitline equalization 
Voltage disturbance which may occur in the event that a 
precharge command is received while the inactive bitlines 
301 are being asymmetrically charged to vblh 302 and vbll 
303. 

Therefore, with the invention, a Sense amplifier Serving 
multiple arrays can properly operate with a single equalizer 
circuit without causing an excessive current demand on the 
bitline equalization Voltage Source. Thus, the invention 
reduces the cost, complexity and the Space required for a 
Sense amplifier. 
While the invention has been described in terms of 

preferred embodiments, those skilled in the art will recog 
nize that the invention can be practiced with modification 
within the Spirit and Scope of the appended claims. 
What is claimed is: 
1. A dynamic random access memory chip comprising: 
memory element arrays having bitlines, 
a Sense amplifier Shared by Said arrays, Said Sense ampli 

fier including multiplexors connected to Said bitlines, 
and an equalizer circuit connected to Said multiplexors, 
and 

a timer circuit connecting first bitlines of Said bitlines to 
Said Sense amplifier a time period after Second bitlines 
of Said bitlines are Sensed by Said amplifier, wherein 
Said time period is less than an active phase of a row 
cycle of said bitlines. 

2. The dynamic random access memory chip as in claim 
1, wherein Said Second bitlines are connected to an active 
array of Said arrayS. 

3. The dynamic random access memory chip as in claim 
1, wherein Said time period is approximately 1 uS. 

4. The dynamic random access memory chip as in claim 
1, wherein Said timer circuit comprises a plurality of timer 
circuits, and one of Said timer circuits is connected to each 
of Said arrayS. 

5. The dynamic random access memory chip as in claim 
1, wherein Said timer circuit comprises a plurality of timer 
circuits, and one of Said timer circuits is connected to each 
of Said arrayS. 

6. The dynamic random access memory chip as in claim 
1, wherein Said timer circuit comprises a plurality of timer 
circuits and Said Sense amplifier comprises a plurality of 
Sense amplifiers, wherein one of Said timer circuits is 
connected to each of Said Sense amplifiers. 

7. The dynamic random access memory chip as in claim 
1, wherein Said Sense amplifier includes only one equalizer 
circuit which equalizes Voltages on both Said first bitlines 
and Said Second bitlines. 

8. A timer circuit for use in memory element arrays having 
bitlines, at least one Sense amplifier being shared by Said 
arrays, Said Sense amplifier including multiplexors con 
nected to Said bitlines, and an equalizer circuit connected to 
Said multiplexors, 

Said timer circuit connecting first bitlines of Said bitlines 
to Said Sense amplifier a time period after Second 
bitlines of Said bitlines are Sensed by Said Sense 
amplifier, wherein Said time period is less than an active 
phase of a row cycle of Said bitlines. 

9. The timer circuit in claim 8, wherein said second 
bitlines are connected to an active array of Said arrayS. 
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10. The timer circuit in claim 8, wherein said time period 
is approximately 1 uS. 

11. The timer circuit in claim 8, wherein said timer circuit 
comprises a plurality of timer circuits, and one of Said timer 
circuits is connected to each of Said arrayS. 

12. The timer circuit in claim 8, wherein said timer circuit 
comprises a plurality of timer circuits, and one of Said timer 
circuits is connected to each bank of Said arrayS. 

13. The timer circuit in claim 8, wherein said timer circuit 
comprises a plurality of timer circuits and Said Sense ampli 
fier comprises a plurality of Sense amplifiers, wherein one of 
Said timer circuits is connected to each of Said Sense ampli 
fiers. 

14. The timer circuit in claim 8, wherein said sense 
amplifier includes only one equalizer circuit which equalizes 
Voltages on both Said first bitlines and Said Second bitlines. 

15. A method of equalizing bitlines in memory element 
arrays having a Sense amplifier shared by Said arrays, Said 
Sense amplifier including multiplexors connected to Said 

15 

6 
allowing a time period to elapse; and 
connecting Second bitlines of Said bitlines to Said Sense 

amplifier, 
Said time period being less than an active phase of a row 

cycle of said bitlines. 
16. The method in claim 15, wherein said first bitlines are 

connected to an active array of Said arrayS. 
17. The method in claim 15, wherein said time period is 

approximately 1 uS. 
18. The method in claim 15, wherein said sense amplifier 

includes only one equalizer circuit. 
19. The method in claim 18, further comprising equaliz 

ing Said first bitlines using Said one equalizer circuit and 
Subsequently equalizing Said Second bitlines using Said one 
equalizer circuit. 

20. The method in claim 15, wherein said allowing said 
elapsing of Said time period is performed using a timer 

bitlines, and an equalizer circuit connected to Said 20 circuit. 
multiplexors, Said method comprising: 

beginning a Sensing of first bitlines of Said bitlines, 
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